Of the two main constituents of synovial fluid, hyaluronic acid is probably formed by the synovial membrane (Yielding, Tomkins, and Bunim, 1957; Hedburg and Moritz, 1958) and most of the proteins are believed to come from plasma (Hamerman, Sandson, and Schubert, 1963; Curtiss, 1964) . Normal synovial cells apparently play no part in protein synthesis (Hamerman and Schubert, 1962) . In traumatic effusion, the protein concentration of synovial fluid is increased (Ropes and Bauer, 1953; Decker, McKenzie, McGuckin, and Slocumb, 1959 ; Binette and Schmid, 1965 ), but it is not known whether some of this excess protein is formed by the synovial cells.
The present study was undertaken to determine the protein synthetic potential of normal and pathological synovial membrane in man, using the electron microscope and histochemical and autoradiographic techniques. The results from synovial biopsies in traumatic joint effusion indicate an increased capacity for protein synthesis by synovial cells in these circumstances.
Material and Methods 22 samples of human synovial membrane were studied. Four were collected from cases without any joint disease: two came from the knee joint of patients requiring midthigh amputation for gangrene of the foot, one from the ankle during the correction of club foot, and one from the elbow of a patient undergoing amputation for sarcoma of the scapula. The remaining eighteen samples were obtained from the knee joint of patients with torn menisci during meniscectomy. At operation most joints contained a traumatic effusion. Its volume was estimated, and according to the amount present the cases were divided into four groups:
I. No effusion III. 5-10 ml.
II. < 5 ml. IV. >10 ml. All the samples of synovial membrane were collected from the parapatellar region, and each was divided into two parts for electron microscopy and autoradiography. One part (about 4 sq. mm.) was placed on filter paper and dropped into buffered osmium (Palade, 1952) . After fixation for 2 hrs the tissue was removed from the filter paper and cut into strips approximately 1 mm. wide. These were orientated according to the method of Coulter (1962) and processed and embedded in araldite (Glauert, 1961) . Ultra-thin sections were cut with a Huxley or Porter Blum microtome, mounted on uncoated copper grids, stained with lead citrate (Reynolds, 1963) , and examined with an A.E.I. EM6 using an accelerating voltage of 50 or 75 kV.
The other part (about 6 x 2 mm.) was placed in 5 ml. of Krebs's buffer solution containing 3H-leucine (Lleucine-4,5-T obtained from the Radiochemical Centre, Amersham) at a concentration of 5 ,uc./ml. This was incubated at 370 C. for 1 to 2 hrs. The tissue was then fixed in 10 per cent. neutral formalin and processed to paraffin. Autoradiographs were prepared from 5 u sections with fine-grain film stripped from Kodak AR 10 plates. They were exposed at 40 C. in dry air for 4 to 6 wks. In some cases a control sample of synovial membrane was either boiled for 2 to 3 min., kept at room temperature for 2 to 8 hrs, or incubated with potassium cyanide (KCN) at a concentration of 10-1 mole per litre for 1 to 4 hrs before incubating with 3H-leucine and preparing autoradiographs. After exposure the autoradiographs were developed with Kodak D 19B, fixed, and stained through the film with I per cent. aqueous neutral red. Serial sections from the same paraffin block were stained with haematoxylin and eosin, with methyl green-pyronin for RNA, and with a variety of stains for acid mucopolysaccharides, including alcian blue, toluidine blue, and McManus and Mowry's modification of Hale's colloidal iron stain (1960) .
Sections stained for RNA from nineteen cases were examined in detail by light microscopy. Consecutive synovial cells from the superficial layer of the membrane were counted and divided into four grades. The first (Grade 0) comprised cells that showed no distinctive RNA staining of the cytoplasm; the remainder were subdivided according to a cytoplasmic RNA reaction of increasing intensity (Grades +, + +, + + +). 259
Results

Light Microscopy
The synovial membrane from patients with traumatic effusion showed an occasional small focus of proliferation of synovial cells and some mild lymphocytic infiltration of the sub-synovial tissue, but otherwise there was no significant variation from the normal with routine stains.
The results of methyl green-pyronin staining for RNA are shown in the Table and in Fig. 1 . 11*2 11*6
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When the fluid volume was correlated with each RNA grade, correlation coefficients of -0-894, +0 085, +0-821, and +0 999 were obtained for the "0", " + ", " + + ", and " + + + " grades respectively. The first and the last two coefficients were highly significant in showing an increase in RNA-positive cell counts with the increased volume of joint fluid. 
Autoradiography
The synovial cells, both from normal and traumatic cases, showed intense labelling by 3H-leucine (Fig. 5, overleaf) .
Because of the intensity of the autoradiographic image it was difficult to appreciate any significant difference in uptake between the normal and the different groups of cases with effusion, and grain counts were not attempted. Fibroblasts and the endothelial cells of the capillaries in the superficial sub-synovial tissue also showed heavy uptake of the isotope. In all of these cell types the autoradiographic reaction was localized over the cytoplasm and the immediate confines of the cell; grains were also present over the nucleus. Collagen fibres in the sub-synovium showed little labelling that was appreciably above background levels. Smooth muscle cells in the media of small arteries in the synovium showed a moderate degree of uptake and the endothelial cells lining their lumen were less intensely labelled than capillary endothelium.
Labelling of the cells in the synovial layer and subsynovial tissues was almost completely inhibited by boiling the sample before incubation (Fig. 6 , overleaf) and partly inhibited by storage at room temperature and by cyanide. Electron Microscopy Normal Synovial Membrane.-Our findings are somewhat similar to those of Barland, Novikoff, and Hamerman (1962) , in that broadly speaking two main types of cell can be found in the normal synovial membrane (Fig. 7, opposite) . One variety (Barland, Type A) , shows a well-developed Golgi and smooth endoplasmic reticulum (E.R.), while the other (Barland, Type B) shows abundant rough E.R. often with dilated cisternae. However intermediate forms which could not be placed in either group were frequently encountered and abundant rough E.R. and elaborate Golgi systems were often found in the same cell (Fig. 8, overleaf) . In our normal material, Type A cells were seen much more frequently than Type B, as reported by Barland and others (1962) .
Synovial Membrane in Traumatic Effusion.-Ultrastructural studies of the synovial membrane from traumatic cases, especially when joint effusion was marked, showed that the distinction between Type A and B cells was almost completely lost. The majority of the cells contained large amounts of rough E.R. with dilated cisternae and also had complex Golgi systems (Figs 9 and 10, overleaf). (Fig. 12) . It is our impression that the amount of rough E.R. was roughly proportional to the amount of fluid present in the joint. Lysosomes were also seen more frequently in effusion cases than in normal cases (Fig.  13, overleaf) .
At times large numbers of lysosomes were present in a single cell (Fig. 14, overleaf) , a phenomenon not observed by us in normal cases. Occasionally membranous structures were found to be incorporated in a lysosome (Fig. 15, overleaf) , indicating that these had arisen from areas of focal cytoplasmic degeneration (Parry and Ghadially, 1965) . In two cases with pronounced effusion (Group IV), some lipid droplets were also detected (Fig. 12) (Yielding and others, 1957; Hedberg and Moritz, 1958) , but whether these cells also contribute to the protein content is not known. Shaw and Martin (1962) Several reports on the ultrastructural appearance of normal synovial cells have appeared in the literature in recent years (Lever and Ford, 1958; Coulter, 1962; Langer and Huth, 1960; Barland and others, 1962) . Barland and others (1962) described two distinct types of cells in man. Type A cells contain many filopodia, large vacuoles, mitochondria, and prominent Golgi apparatus, but very scanty rough E.R. and Palade granules. Type B cells, on the other hand, contain a well-developed rough E.R. and numerous Palade granules, but only a few mitochondria and a poorly-developed Golgi system. These authors considered that Type B cells were less numerous than Type A cells in normal synovium. Our observations with the electron microscope, although similar to those of Barland and others, showed in addition intermediate cells with features common to both types. The more common Type A cell showed a prominent Golgi apparatus and only some had large numbers of mitochondria but vacuoles and filopodia were seen rather infrequently. Type B cells containing a well-developed rough E.R. were less frequent. However, many cells with features of both types were also seen. The presence of a prominent Golgi or rough E.R. appears to us to be a more important criterion for determining cell type than the number of mitochondria or filopodia. The Golgi region in other cells is believed to be the site of mucopolysaccharide synthesis (Peterson and Leblond, 1964) , while it is well known that a rough E.R. and Palade granules indicate active protein synthesis (Palade, 1961) . It may be that, in the normal synovium, Type A cells which contain a prominent Golgi produce the bulk of the hyaluronic acid while the more scanty Type B cells synthesize some protein. However, the latter function appears to be less important, for most of the protein in normal synovial fluid is thought to be derived from the plasma (Hamerman and others, 1963; Curtiss, 1964) . However, since intermediate forms containing both abundant rough E.R. and Golgi are often seen, it would appear that both these cell types are merely functional variants and that the synthesis of both hyaluronic acid and protein can proceed in the same cell. Furthermore, our autoradiographic studies with 3H-leucine indicate the marked uptake of the radioactive amino acid which occurs in normal synovial cells in vitro. These observations suggest that the small amount of protein associated with hyaluronic acid in normal joint fluid (Hamerman and Sandson, 1961; Schubert and Hamerman, 1964) may be derived from the synovial cells.
Synovial Membrane in Traumatic Effusion.-This showed several striking differences from the normal with respect to the ultrastructural appearance and RNA histochemistry. Autoradiography with 3H-leucine on the other hand showed a less definite distinction between the groups, possibly because of the high sensitivity of the method in detecting the P emission from the incorporated amino acid. In all traumatic cases, however, the intensity of the autoradiographic image was dense, and this correlated with the results derived from RNA histochemistry. The number of cells staining positively for RNA increased with the increase in volume of fluid in the joint cavity (Fig. 1) 
